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(57)Abstract: 

PURPOSE: To provide a highly sensitive charge transfer 
device, which is operated at low voltage, of simple 
structure. 

CONSTITUTION: The title charge transfer device has a 
high resistant P-type well layer 102 formed on the 
surface of an N-type semiconductor substrate 101. On 
the surface of the well layer 102, an N-type charge 
transfer channel layer 103a, an N-type charge 
accumulation channel layer 103b, an N-type charge 
exhaust channel layer 1 15 and an N-type charge 
exhaust drain layer 108 are formed continuously. On the 
surface of the charge accumulation channel layer 103b, 
the p-type charge sensitive channel layer 111 of a 
charge detection transistor is formed. The sensitive 
channel layer 1 1 1 is arranged in such a manner that it 
does not come in contact with either of the transfer 
channel 103a and the exhaust channel layer 1 15. The 
potential of the charge accumulation channel layer 103b 
in a chargeless state is set higher than the potential of 
the exhaust drain layer 108. 
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[«/*] «ffif«5iSSSaHnS^*(*S«i 0 io&eic 

jR**4xti««Siopai^*/ujii 0 2 

0 2WSHCIt nSKW*5ig^ + ^/uS 1 0 3 
ai, nilllffiff^ll0 3b^ nSOT 
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Hfriaafffl^ir^wu«(cs«g-r5 «t 5 t-fiuES4£ cosset 

M^f-t^^li, 20 

ir*^««c|»»LTmE«aiftl»WcK«r*!B2*B . 

*r#-*-<5MMEa*SSB. 
[fif*if 2] fffi$rWt5Il#^^S^^ 
«iE««a>a»E*ifi«cjl5fi8*ixfcifiitta:a>IB 2 

«tE#W^-^-*/^»fc*«6-i-5 J: 3 l£lfflES«a>f»ME* 
F?uE<l£i£^ * */HI t Sffi^" -v A-Ji i co^^±(c . 

mE*«^r*/uJB±*c*fijt*n^KHtta«tt, 

ifflE* fcti ^ -V * / Hi ± IC £|Mt TSdlit £ tt /*;: !J ir 

WE* fllf -v <b <t ft 5 £ 9 (cflftESS 

*4fc«coifflE«!l*--r */HB<f>*ffitf*, fWE» so 



[18**13] ^«(*S«Ji(cy- h|ft»B(S:^L-ClS« 
mE«Wtt*iR^ffl*a(c|»»LTtt<tbnttE*^ 
(Ml:. 

iWEiiw^gkic^^bnsmEmw*^*^^ 

tLfeff^«W^^Er¥iStt»[*Ic»KA^ft:i-5«flPfl€rfe 
^coy— Hc^ft5^EE£rRl*0U Hlt^ffiClAh 

[0 0 0 1 ] 

[0 0 0 2] 

^i&^rAtLt, CCD(c<t5*flMEiJSS6BS: 
$ ft r # ft ^-m^r * ^ ttJ L «Eft * (c K« L T ft «5 ttj 

[0003] ttffiesiSBfciRtt e>tL5««r*£B»w 1 

o^lt, «W<E5S«o*»a(clB*LriEfi*n5 7 

<ts§Ei-5) ^^nti^o f DAttSffidsiisgBom 

[000 4] jjll 4 14, iESfcCO F D ASco^fSff^ttSffi, 
?^f*:S^2 1 0^^©iC(i, FDfi2l I & t>' H ir y V 
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S iOz 12 3 0 Zft LX C C DCOfc&l&fe 2 1 3 , ffl 

^£ix6 0 F Oil 2 1 1 U b y is is* 9 2 2 I O^- h 

^te^fW h7>v ! ^^2 2 2W KW>d:8i$Htfi] 

A* 2 2 1 60 V — h^>C/^^ 2 2 3 GOy— 

ft 5 « by>is** 2 2 3C0y-X(l^?^ 

2 2 4 co b*\s'(>k&1gl£tiXthJj&<ny--x 
7*u 7ia^ff2fifc£ft£ 0 «SfMOSh7>^^2 10 
2 2, 2 2 4^y— h««li£fc«C«ift£ft.5 0 
[0 0 0 5] wCOj; ^^igCOFDAMcom^^tblFBT* 
f4, FDl^C>y-^7tn7[Hl^K7^/<"h7>' 

ft ^-m#co^tt3(Cf^9 U -tr by 1 — hcokTCy^f 

[0006] Hi 5lZV1zy hy- Mi2 1 5<7>m/£ 
Vrsco^^^t, i±iyj«JEVo.,c co^cb^^i". HcoJ: 20 

2 1 s^^-^co^fig-efce^mT 2 1 cio^riiyty 

121 1 {C&A£ft<5#]P H 1T 2 2 T'fi h7y^^ 2 2 

[0 0 0 7] FDAS:(S«l*{k-*-5#at LT, y — * 30 

^^ 2 2 2 , 2 2 4(7)^l^$r^^<f 5l<h^%X 
«bft& 0 Lfl»L#as£>, y—*y*a yGDfeWLvfc&'Pte 

f d Ateffiisicjssi-Sw t**-e#*< #<5„ -en 

ffi^TSJli/jr^o ^7t, MMOS h7>y^^2 2 

2, 2 2 4osmaiE*^*<-r-5wt*s-e#ii^«>, 

F D ACD{£r8»m^fb#T*t * ^ t ^ 9 ^t(5^ t> 5 a 
[0 0 0 8] F DAa^«ffif«£H«f»<7>±JEBB«#.*:W* *o 
-f 1$IMD3 6 4- 1 7 4 6 9tCffl7j*3ft3 X j *£ 

[0009] -coffcig-Cte, 7P-f^y^i«i:y 
— *7*aT\B}$£cn b*y-</<— h7>y^^i$rMt 

ttfio»ifesft^/h$<-c*5 (l :c/)ty). asfflit?sf^^ 



h a-yuy- KoS?«jic<fc «9 »«£ftfcfl-il-«fff£^± 

[0 0 10] l^LS®, CCOffiigT'fi, J&fiiblCj:* 
"A Highly Sensitive On-Chip Charge Detector for CC 
D Area Image Sensor", IEEE JOURNAL OF SOLID-STATE 
CIRCUITS. Vol.26. No. 4. April 1991) (C^£ft£J;9 
(C % — i»W<CttfflSttrv^5CCDW«jR«EE (tf'Jx. 
f*\ 15 V) J; 9 fc:fc#^MMtt£ -8 0 

V) ^=rv hn-/l/y- h^*fls«£#*t*<5 0 
7 a— v 1 - ^ hM=iV K a— /U^ — hG0 2Jf<0 

[0 0 1 1 ] 
[0012] 

ffijas«^me«ffi«c**snfcii5«»tw*2W« 

-f$£o (cffi££fi<offiC«S(;:fl$j$ sntSi ill 

v>>^^co^2^m^m?S] : ^^^^^/i^, Ruie/s^ 

tetkirzm 1 ^®3B#<t, RfjEflNffi^^^/uJBtcwaL 
-CSUE««lft«IK(c»tt-*-S»2*ffitt»i:, $r^"i- 

[0 0 13] *5BWcO|B2coajR(cfiR5a:flfeaSKB 
fi, 1 W«S!^W(*a«t, ffiE»«co 

fjutd^ra(CJF$^$n^^^^m2^m^^^^^ 
i»E**/HHco«ifiJ(i^iasnfc3B 1 W*2H«W«5ai^ 
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*/uJi±(c|ft»J|JI€r^L-CieKSttfcyiry sy- h« to 
Bt, «»e»«^^*vuJli:fl|il|t*a««tft5J:9(cafr 

^M^Dft^/uli:, fflEJBfc^^JB**^ 
-C»i6]-r5J: 9WES«^lWfia*Bfcfl5fi8*n)t:, SuE 

ft£ 0 

[0 0 14] 4:«n«>lR3 0ttjft(cffi^SffriEi||SiB 
tt, ^^Mll^- MfeM^^LTS^fcigg 20 

fcti H ic L X K ft 6 ft lift IS 5ft ^ tc J: <9 ^iH $ ft tz ft 

mm^mt, st^-aiu i»Eia«#skK4-;ibftsifflE 

«?ffttr**-T-«fc 0<Ea*ftfc«*«W*S|WE?*itta:*/i 

i-»A*{fci-sMmta*i-5«iBt*ft^<offliBit 

U BB*-rsi»Eai»h7>^^^wftS:=>^^^v 
[0015] 

[0016] *is^<7)^2coa^«c^5affirteissggtci 
*s i> r , ^^mormm^+r^^m <r>m&& . 

K^>«<Z)«ffict*}iB<IS:3eSft5 0 
hD-/uy-h ( 7P-f-f> / /y- i>^iift^^ so 



[0 0 17] **^a>»3wajS(c«5«Wf(EiJS«R(c 
a^-TSIWBnt-tftW^oJHIBir-c, y-^7tP7@ 

wiSjcS-tt^^jft^ftswrBl^y— y^\&(0;< 
'fT*m i WL$:±$ < F DA0>i$JEH4#S#£ft#i/* 
if|{j:y-^7tn!7|H]!fgW/M77a^/J^< LT 

cft(cj:<9, ^K*i«iiSJE£:*14Sr«*5 :i4< FDA 

[0018] ^Klt <l:t)fE{f^7^- 

T'OWmt5W(:^^^F7>^^^ 

LTrH 
. [0019] 

[XSfllBl (a) 'tt**Ww3t*WHc«S«WI5iS 
3SR(755p©l2|, mi (b) . (c) Ji^rft-eftHi 
(a) OIB-IB, IC-I CH»rffilI|-C*£>5. IE 2 
(a) 140 1 (b) <a*ffi££KRttttffitttt«frtt* 

[0 0 2 0] CO«WIEiS3SRi±, ni¥*#S*t4 
*3*>n®S« 1 0 1 ±(C»J«SftS„ 1810 1 Idi, 

tt^»**ai-*^*)iK«gt<op- a**^* 1 0 2 

1 X 1 0 12 - 1 X l 0 17 c m- 3 ) tmtfLZ 

ft6 0 ^mmm^i^x, teat u s«i o i 

{c(i{?i|^L^+ 1 0 Vc7), ^x/i/f 1 0 2l:{i0 v<7)y<^ 
r^«jEds«-4-*ft-5. 
[0 0 2 1 ] JWgj3i*i/uB 1 0 2co^®(C(i, 
ioV>T^^co P M^ 1 2 3^fig$ftfc*fffeiSnSi^' 
-r 10 3a (^FM^rgjS 1 x 1 0 14 - 1 x 1 0 19 
cm- 3 ) ?iU B~ I Bl^f^icrOotM^n^c 

/u« 1 0 2(ommz-u£tz. «Wf*5asnS¥-r*^JB 1 

0 3 a IC«^T, «W»«n+ m^-Y^^n 103b 
(^F^«JS 1 X 1 0 17 - 1 X 1 0 21 c m- 3 ) , 

£tlnSl^-^*/Hl 1 1 5 (W^iRS I x l 0 14 ~ 1 x 

1 0 19 cm" 3 ) % 9M»mn* M >il08 
fifi^iRJK I x l 0 17 - 1 x l 0 21 c m" 3 ) AS [ B - I B 
»*|SHCySorHH«cJK/aSft5o 

[0 0 2 2 ] ®?Sf«5i*nSI^-V I 0 3 a SO'pl! 

m 1 2 3C/)±{C{4|6^ 1 2 1 &frLT«S»fi0JB 1 s 
xim 2 (nw.Vrfcj£Hm 10 4, 105 $ ft 5 0 m 
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»*«n + fif t */n i o 3 bi:s»»Lt, mr$$zm 

nm^-Y^/^m 10 3a ±iCli, l2l^Lt 

[.0 0 2 3] «ffif*flBn+ mr + ^/um t 0 3 b ^® (C 

- I CS*|Sl(CfSoT, p^^-^^/ug 1 1 1 (7)jEHAi| 
tc, tlSKWlfflPMOS h7>^^coy-7/KK 

l l 7(cf±tt«vDDffliai»i i y-^/Ki/^y 
ji i i 8(cttaj^vofflia»i i 3'*sa5«*ns. 

[0 0 2 4 ] i2 (a) m^<Dltn< , pS8^Y*/^JB 1 

i i tt, «w<Ei»&^«w#anga^-t-*/Hi 1 o 3 

a, 1 1 5 tcS&feLfc^J: 9COTSn + M^^^/u 
110 3brti:M$tL5 o t^*), n + 
I10 3b^ pSft^ll 1 ltnSft^/L'l 

103a t<DmRutpm^-Y*^m im nSft^ 

/Wll 1 5 £<&W-0«ffiLfc«ffi*rWU f&tKKl 2 1 

[0 0 2 5 ] ±R<7>**tc*3tt5mWIE5iiiiSB<oftffJc 
o^THTIcKfltS. £i\ M»«^« l&t>*4> 2 X' 
2«S2Eb$*i££n MI 2^ii o 4, lose 
ct «9 , m^mm-fttitf- htii o e ^^^.t 
tfiin + m^r^/^m i o 3 b—fein^n^csc- 

[0026] s f-**/i>m i o 3 b-i5^^tifcm#m^ : 

ft il (c) i^^SSfJtttiffiPMOS h^>v^* 
cd^-^/H 1 1 com/5 £r^P£ it 5, Z607c*6, EM 

1 l 3(cffl*Six5«EVo^«-»*fllf<o*cjCurag 

[0 0 2 7] JfclC, §2 (a) WWfffiHW#»#(C»X£; 
■r6«ffl»*«r^i-|a2 (b) -12 (d) Sr#«lL 

2 (b) fiif?flin + Sft^vui 1 0 3 blClW 

■ffl^-^r^^JS l 0 3 bto^fiP 1 o Ji^ffiftlNttJ Ki^-f > 
/I I 0 scoftffip d r«tt)K</ji5J: ?tct£^£n3 0 

ft^/uii03b(/)WMS^igto 



6 0 *jtJfi«ic*i^rtt, ■twasw^ 103b 

co^F^^ra^^r i x l o 17 — l x i o 21 c m- 3 t'XZ < 

[0 0 2 8] H2 (b) HI^60#t^{Ciol>r, 
1103 brtcoa&^ji— ^i:/j:otv^i\ ^{c, 

[ 0 0 2 9] HI 2 (c) t*. «ffi*8ln + St?- + */HB 

10 10 3b (cW^mWJKirMite^SHWJcf+^Six/ti^ffif 

-T 0 ^fift^H0 3bi:it ft^ilO 
3 b comfi: P 1 r ZMffiWih KHV110 8 co^fc p 

*tea>#*- y h d p ds«B«wtc «t o a* e> n-s ^ 9 

fc. *Wd5^i^S8«cJoitS^-ir^/^ii l 0 3 b f^iof 

■Y^/^M 1 1 1 COpHflJfC^S^T^ -V^/Uil 10 3b COH 

20 aBLfc*fl5*s««Hti 2 i fc»«Ltt^fc«), 

/uli0 3boiffipi r f±¥S{b£ftT«ffi$Mfras:: 

[0030] 12 (d) tt, d32 (c) U^co^com 

•t*/i>m i o 3 b ^mfc^^iii 2 (c) (nytrntte-D 

ftt ff-g-mffir^f ^r^^JB 1 0 3 blcfei$£ft 

T#T¥SI$ix5£* H12 (d) Hl^cofrK, 
1103 b (ilgfuP 1 t ^^-T5ct Z(D#f^ 

30 ft ^-m^co^Atci^m^^fk^A p i = p i r - p i 

[0031] s<t, ^ 1 o 3 b^^srfc 

Sfki irsn, ttffipjfctfs/BPMos h7>^^f- 
■\r*/H 1 1 comfi:^^i^$ii-5 0 t^ot, gE^l 13 

40 [0 0 3 2] ff^-l^^tli^nfc^, !)tyhy-h 

3 b(0«ffi(iE]2 (c) fi0tt«JC«-5 0 *W*B*"Cti, 
:^J:9i:, y-tr^h0#(c, Sic— ^Sco^Sr^-?^ 

[0 0 3 3 ] *HJ!iSfi3]{C«tiX{i\ ^DS6 4 - 1 7 4 6 

/U/i 10 3a, 115 (CjgftfcLft^J: 9 (C^fiJc^tir^ 
50 SfcA, f-'Y^^m l 1 1 drtbi^y- h«e I06irw 
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i iitytyhy- his i o 7 

[0 0 3 4] ^JE^US*— KCJ:5ll*t«w 

10 3b rt^lKfic^Qadb&t/afiWTK^ y h D P tcfiH • 
i-*«ffi»ffi£®iBra »# 

— r--r hSr^-^/u/i l 0 3 b±(c^it5^ 

WS<fc#5<!:#lc, h/H<BKtt0E«K 

[0 0 3 5] HI 3 (a) tt*«W<08iJOH*««C«-5« 

0 3 x <7)*gfi P 2 o ^s«ffir*til KK>11 0 8 (DmtL 
P d r X 9f&< !S^£nTl>S,££l&^T, HI 1 

(a) % (b) , (c) &t>*H]2 (a) ^(OHifi^Ji: 20 

[oo3 6] m 3 (a) ow®iao#«#«cttJC-r5« 

fe^^r^-riH3 (b) —13 3 (d) St#«l-c. do 
j«6«S:lftW-i-5 0 HI 3 (b) (lt«»«naft*^ 
1103 x^»»fC«WdS*^««<0«ift»*fc^i- 0 
rco^^.ic^^x, *?f*«^ir*/^«l 0 3 xcnmiiL 
P 2 oti«ffirS(Jffl Kl/>f >m 1 0 8com{5LP d r X 9(6 
< #6 X ?{z&m£tiZ> 0 ^comffi^i^iS^Ji, Ku 
-<^Il08 o«fflr&K88-f ^-f^/HI 10 3b 

S«^**/uJS l 0 3 x a^Mttjftftfr l x 1 0 15 - l 
x 1 o !9 c m- 3 b9t<nmbm<ni-**A,m i 0 3 b J; 9 

[0 0 3 7] HJ3 (c) fi, t^Iin + S^-r^B 

1 0 3 x(ctt««ffi^*ai$n^tt««ffiMtiaNp<o«ffi 

ft ^Sffifri^-r*/uJf l 0 3 x Idea* 3 ft 

tttti^n^h *-Y*A>m 1 0 3 xfi^fip 2 t 

[oo38] §3 (d) ti % y-try hy- h^M^^n 
ku^t 1 0 8(ci#tb^n, *- + */hb 1 0 3 x</^t 

ttllttfiOP2ol;^5, fat, ft^ii o:ix« 
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[0 0 3 9] HI 3 (a) 1H^<7)HfiWlCcfcft(i\ 
/UJB 1 1 1 irdb^y- hmfai 1 0 6 t co^l, RV^^-y^ 

1 1 1 1 y -tr * hy- 1 o 7 tnmtoti yzf 

[0040] hi 4 (a) te*&w<nmc%\<Dmmmzi& 
smwiEissseH^^ffiia, hi 4 (b) , ( c ) tt-en^ 

ftHl4 (a) OIXB-IXB, IXC-IXC»i 

Hir*fc6o hi 5 (a) am 4 (b) (Dmffim&mmi&m 

[0041] z «ffi^ft^«tjB^«nr«8i 
^-v^/m 1 0 3 x^mfip 3 o^vnrwu kl^ >h 

1 0 8(7)|S{iP d r «fc9(£<&5££ftTV>5,£, S:0<{f 
(a) , (b) , (c) ^U^H12 (a) H^^H^^J<t 

[0 0 4 2] ^coH«0ij(c5>oT{i, WK¥mr+*/i> 
1103 xRXf^^^/um 1 1 1 ±ic*fe»JB!l 2 1 

tt7P-T^f hti 12 0a ^IE^$n-5o 

vi/y- Mlil 2 0 a±fC^#gIl 

1 4 ^Itny h 1 2 0 b^^Id^^ 

tl^> 0 ^ > K d-/^" hmtl 12 0b (CJi, ^COr^m 

-h««l 20a^Lt, *ffi«H* + *'l'J|l 0 3 

[0 0 4 3] HI 5 (a) (nm&m<D&MfttZttfc-tZW. 
{iLft^&TF-fm 5 (b) —HI 5 (d) ^rtlLt, :w 
HS£0iJ£'t£e/]^-<5 o HI 5 (b) f±, /uy- h 

2ObCiE«0$ixf, E.O«ffifSSf n ai^ 

r*^JB 1 0 3 x wffl»tcsiff7is^i^ffiwaffi»^^ 
tf-To c<o*«Jc*jt>-C, «Wr*«^-r*ywJii 0 3 x 
P 3 o tiaffir^tti KK>1108 OOlgffi P d r 

usssr^-v^/ns i o 3 x^^ss^ i x i o 15 
— i x i o 19 cm 3 {zf&m-fzz ticx vm.&zi&KL 

[0 0 4 4] HI 5 (b) Bl^flOttJBiciji^r, f-^^/u- 

H 0 3 x^lCOUfi^lJ-tt^o^^l^ 
Wi^nlft */UJi 10 3a IWlCJErtSft 5«tt<iO 

[0045] HIS (c) (i x zx> h d-/^/- httiS I 
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2 0 b{£a<Dn&fi*ftMZtlfcft16<nlt&&ft£7ik-r a 
%UmtU£<n&&\z£ *) % T + I 0 3 boDIBffififfl; 

itLP 3 r Z<Dtif % tttro^yhDPttK! 

awteas nffl?- i o 3 aM^bSffraifli 

h n— /uy— hSfli 1 2 0 b ^CO^^S/£(OPP^DH, ft 
»«W0>#ttJ»#. y -fey h*SN£*flfc*>#<$ry h 

— /u^- 12 0b (cfiSicft<7)mJE£rEpaD Lt^ 
[0 0 4 6] U5 (d) ra\ 3y^D-/^-hSii 

2 0 btC«<7)«£Ea^aD£*l. lof^Iinift^ 

/uJI l 0 3 x«c«#«ffifis*«*4xfc»*«W*Uii*^) 
mfi^^r^-To «»«Wds^-t*/^JB 1 0 3 x fcf£i£ 

$nr#-csai$ix5<b, ft^H0 3x(ii:fip 

3 t Sr*-T5J:5(c<e9, mWflktitt/H PMO s h ^ > ^ 

[0 0 4 7] «#««fdS«fflStLfc«, ytyh^-h 

3x^mfifilH5 (c) ^lCI5c -Tft^*>. ^co 

[0 0 4 8] us (a) m^^mmwcxtii-x. 
;vm 1 1 1 tthjiv— hm>fei 0 6 t<Dm. 

/u/I 1 1 1 i y-tr^ h^- hmS 1 0 7 t<oNl<ni3 
yy^t^/h$<f5zi^t^, ffiiSSattmrtttU 30 

^-O-yy— Mc«fc 9, ft^li0 3xi:^ti 
B«ffif^«65 w«:BJh-r5 liOTSS. 
[0 0 4 9] [16 (a) tt*3BWW3EJCglJ(753tllfi«HCi3R 

^/U-Jf 10 3a 7^6 nm^^r^^m 1 1 5 

«t 5(CJgdtSJxrv^#,*|»^-C, il (a) % 
(b) , (c) &OT12 (a) m^OH^^j^(Wj— {^fH 

/rX^tl^o 40 

[0050] in 6 (a) <nmmmo^uft\z.nfc-rz>n. 

(&#*T 2:^1*116 (b) (d) £#fiBLT; ~<t> 

*Ai«<o»*«ww*m(cBiLra^-r-5. ni6 (b) 

(iSWS»n+ Si^-r^Hi 1 0 3 bic^f^&H^flg 
o^itL^^TfkTo iwttWcfc^t, 

10 3b ooUffi p 4 o i*«ffitlNfcfcS K u-W yli08 
coflttflrpd r J:'9^<^5J:9(c|5^^n5o zco^fi 
coffi5(SBBtR(i. K^yll 0 8 co*tt£:WB-*--5;K 
^■ir^/HBi 0 3b(/)^Wgt^lf5/j\ »Jct Mi 



Wc^i^Tte, Hff¥S«^ir*/i^JS 1 0 3 bco^FW#ija 
itMxio 17 -ixio 21 cm- 3 ^^<t6:i:i: 

[0 0 5 1] H6 (b) El^co^fiKc^^T. ^-r^/u 

1103 bp^comffi^fi— ^<t^orv>/ < cv> 0 
IKSnSft^^ll 0 3 a m\zB$L£tiz>m&<n 

[0 0 5 2] [3 6 (c) fi, 8»»«n + S^^^/^H 
1 0 3 b(C»»«W3RlM*<iOftia»(Cf+*$4xfc«W 

"To A'Jl 10 3b tCii, ^-^/u-JI 1 0 

3 b (Dm.itL P 4 r fr«ffir#£ti KH>1108 CD^fc p 

8fi«)^y KDPri^BlgffitcJ; 91*6^6 J: 1 
»W^^v^Sg(c*5«tS^^*^« 1 0 3b f^oom 

[0053] d 6 (d) te s (U6 (c) IU^(^^SiC0^ 
*ffifM*n + ffl^**/UJi 1 0 3 bfCff-5§-S?S?#;g 

^r-*/HB 1 0 3 b<Z>«fflr»#dSH6 (c) <Dftmtte-> 

xtxwmztizt. fU6 (d) m^co$a< s ^-r^ 

■ 1 0 3 bfi^ttP 4 t *r*-*-SJ: 5(c*-5 0 z<n#r^ 

fS#«W*>8ltA(C J: S«ffiSEfb» A P 4 = P 4 r - P 4 

[0 0 5 4] t , ^-f^/uJI 103b ^<D%ifz 

ftaftAfi t«fffw^ti^ ^-f ^>/u/l l 0 3 b cn^\<L(D 

-T*^ 1 3 1 ^mfiSr^PI^-ttS,, t*o"C, Ida 1 1 3 
(ctti^j $n5«JE75S v o *s^atA« #«ffifcoj|:^jc£: CT 

[0 0 5 5] «*««j&s«ffi3ftfcSL Uir-yhy-h 

3 b comfSlfilKl 6 (c) co^^Jic^^o 

[0 0 5 6] §6 (a) ia^WHJ6^J(CJ:n(i, ft 
?Sf^*ttS'drt*«3^-5^«)C03> h p— yu^— h^O'^D 

[0 0 5 7] [17 ( a ) «±*«WWK<C8IJ603|I6W(C« 
6^.<rrf^i>r, [16 (a) m^coHftfeTi] — 
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n5 0 

[0 0 5 8] 3>ha>-/uy-hSU ! 7P-fY>^ 
-H4, 14 (a) &t>* (c) B^EitffltEtt? 
B&ZtlZo ■T-fcA'Ji 103b^ 

tf^ir^/HB 1 3 1 ±lC*fe«JKl 2 1 ^LT7n-f 
-f hSgl 2 0 a 3ftSiEKSn5o ^ p- 

r ^ >-^y- h^tii 2 0 a ±(C|fe»JKl 14^Lt 
n> hn-/uy- h^jil 2 0 b^ifiiS$n>5o =l > h 

t\ ajE^fn»o$n^v^p— K«a i 2 10 

Oa^^LT, t^fiaf t^/wl 1 0 3 biCf^f f ^, 

[0 0 5 9] H7 (a) a>WrffiHa>#»»(c»jE-rs« 
fiM^ti7 (b) ~H7 (d) ?r#ffiLt, dco 
*iS««:KW-*"6 B H7 (b) f4, hn— /i^— h 

*a 120b icmEE^^n^ $ nf, io^t^ n 

<Y*/\sm 1 0 3 b«>«»ic«iff3ftS4:v^lBo«ffi»#S: 
^i"o :<7)til:fc^tlMift^/i/|i 0 3 bco 
fltffi P 5 o *±«ffirWtts K u-f >Jf 10 8 <o^;{i PdrJ: 

Sffflft^-r*^)! 103b <n^WfoWi&*: 1 x 1 0 17 ~ 

1 x 1 o 21 c m- 3 f SwirtCt «9affi^a< L 

[0 0 6 0] ID 7 (c) ft, 3yhn-/uy-|>iii 

^/WI 10 3b fcff ^mffiJ&i<^2:{&<DMm&){ctt$.£ti 

$r^-*% ttffifSfll^ir^^Ji 10 3b |C{4, ^-r^/u/f 
1 0 3 bco||{iP 5 r Sr«W^m K^-f >/f 1 0 8 <7)H 
fiPd r -*-ft^*>BI«C»j|ftftf+Lfc« 30 

[0061] H7 (d) 14, U7 (c) Hj^CO^COf^ 
«ffifSSfn+ m^-Y^^mi 0 3 btCff^^g 

*r*/i>m i03b (^^tit^tl^^n^i, ^ 
f^ll 0 3blii:ftP5 t^tt^ipC^^o ^ 
r*/uJi i 0 3 b^>«{feojgfb(cJ: 0 , «ffif«fcBfflPM 
OS h^v^^^co^-v^/u- l 3 1 aSffijftSXlTf £. 
B6o-C, EiRi l 3lcm^$n5l8EE^Vo^fg^-ll?Bf 

[0 0 6 2] fa#*W3fts*ffisn/i», y-tr-yh^-h 

tfOlfrtiX* 1&ttVr&»m&inZ>t* ^r*/ujf i o 
3 b co^{it4H 7 (c) <nty;Mtzmz<, -Ttefrh. :« 

[0 0 6 3] (U 7 ( a ) H^WHJfepKdcfcfttf. 
WtfcHs— b'lz£ *) B*«WwJ*mS:^rfti L A' . rr 
> h o— /uy— h(4f&ffi/E-C»^"C-^, MifBEWRd^ 

[0 0 6 4] H8(4*36WfiO!S(c8ij60ltaOTtw«5«Wf so 



(a) , (b) , (c) (a) m^eoHiSMi: 

[0 0 6 5] :Wl^jl:J)ot(±, «SfiiSnS!ft 
103a^ «W«NtBnS!^^^/U« 1 1 5 £ CD 
Pfl(Cjfcj££ftfc«ifftfffln+ m^^^^mi 0 3 bit., 

±.&m±#&tt&mm 1 2 1 icggtt-rso n + sj^-r^/u 

1103 b fiOTicUgftfa L r ^Ig^cco P - S^^/uJS 1 0 
2 (5F*E4fc«S 1 x 1 0 12 — 1 x l 0 17 c m- 3 ) rtlCtS 

^JgfcJp^-r^/Wf 1 4 1 (^FttttKA 1 x 1 o 14 - 
lXl0 18 cm- 3 ) «^n6 0 pift^lU 
1 f4, ««f(EaSakt/«ffir#tBna!^^^/l'« 10 3a. 
1 1 5lc»ttL*^J: olc&mZtiZo pffl^-Y^/uJB 
14 111 ^DigSco-f tyiiAgi$:I^tMt5 

[0 0 6 6] «W^/«CU^fficoaW»ai^-^^/UJi 1 0 

3bom&(i> §2 (a) m^mm^itmm, mM&m 

a, rcoHJ5fe0iJi4^^:»m^~ KT*&fE£ 

n, -t<7)GRcoffi«f4, 1212 (b) -§2 (d) IC^-T^ 

[0067] msm^mMm^xti^. ft^n 
i i ttti^y- h«isi o e fc^pj), */\sm i 
i i i: y -tr «y i^y- bmm 1 o 7 ^ (7)^77 yf^^y 

[0 0 6 8] a9l4*3gWw!E*c35i](^*jK«fc:«5«« 

MtOPMOS h7y^^roplff^ul t 5 
1 ^»i*ffiB^»<C5j«fc|»l^r, Hi (a) , 

(b) , (c) r am 2 (a) m^mmmtm-^m 

[0 0 6 9] :fiOHM'H:fcotit iwi«#t<7>p- 

ai/UiS (^F^#3?^^ 1 X 1 0 12 - 1 X 1 0 17 c m- 3 ) (4 
ttffitei£ng^-ir*/uJl 10 3a ^T(Cgdg£nAcgf i 
^10 2at, «»#ffln + m Y\"< VB^TlCiEB 
$nfcS2«»i0 2bti;»ffl$ii5 o ^^^iicofflj 
^i02a, i o 2 bcop H l(c(4, ::n&<kS*rti:-*\ ^ 

1151 (^famikm. lx 1 0 u ~ 1 X l 0 18 cm" 3 ) 
frJ&tfSL&inZ* p^l^'Y^^m \ 5 l.(4^lfRl|T% ffifSfific 
xSn5H^^^/UJB 1 03a>, tSWWtfcJ n ^/U)® 

i t 5 ttcsftb-rs. wimn + sa^-^*/u«i 03 
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[oo7o] nmt>*tt^ftm<ow$Twm^ j r*/i>m 1 0 

3bco*flcfi, 06 (a) i^HiS^li(slI, ttffitttti 

-^co^co^ii, H6 (b) -13 6 (d) {c^-rsi 

[0 0 7 1 ] H9H^0>SM6«lcj:ixf*, pSft^ 

H5i ^m8Hi7niij!feM^p^^^^^Ji 1 4 1 «t 9 

Ml^tv^v^M^fcS, «*«W<o#ffl 10 

¥— hfr^mxZZfctb, RB(&*iS&uqHit:/nir* 

[0 0 7 2 ] m 1 0 tt#*W^3EtcgijojllS«(c«-5« 

[0 0 7 3] 2 1 0 <OiE®Mte x FD121 

l&tfUlry h K^>2 1 2«^n5 a ^Mffrg 20 
4£2 1 OiifCfiS i O2 12 3 0£^L-CCCD<7)«^i£ 
^^2 1 3, m^y- h«ffi2 1 4SU { y-ir y h y- N 

«H2 1 s^iaa^n^o FD12 1 uihyy^^^ 

2 2 1 coy- h««fc««tttC»*3JX*. h7^'^ 
^22 1 <7)y — ^fi^^U-y *>3 yS^tiMO Sh7 

2 2 2 km vt««six-c4oa^>y— *7 
2 2 3<oy- hm*£(c 

h =7^'y7,$ 2 2 3 <D y — XlZ'rT' l" v is 

3 yf(DtlMOS h7^^^ 2 2 460 KKvd:^ 30 

Votit =Adc * [l — exp (— Gm 
r~mt>i-Zk&X*£ 5 0 Vouc , Vm , Ad C> Gm, 
C, t te-£ft*rixfcB*«JE, A^mffi, DCcotg^^ 
tB31=iy^^y;^ *flf*ft, B*Pfl«r^-T 0 ±IEc05£ 

Gm= (2 ■ W/L • /i - Cox - Id) 

r-^^-ti:^ 0 w, l, ai , cox. i dii-tft-efx^-r* 
[0078] t£o-c, Gm(i^<-f rxisat^^^twair 

f±, MMOS h7>^X^ 2 2 4 coy— hm@2 2 6 

0 ^IWII^ILTF DACDi^jt/££t££iS]_k£ 

^EEVconc Lt^iwSItrltiK'iSM 

[0 0 7 9] WT, (3 1 2B^<o«£j£j&$:fflt*-c* ± 
l&flj* Kfifl L X X <0 # L < 2ft ^ "T 5 „ fn) H T* fi -h/J ^ b Wf 
i:!)ty hy-MB2 1 5wWEVbsco«R ftffih so 



(Srivios h7^^^ 222, 22 4 coy— hta;t£2 2 

5, 2 2 6(Cf2, *n*4xaifcW*]jlpft -i-Vconc % Vc 
[0 0 7 4] JtEfcti/jffcwy — ^7* p 9Ce]^cO 

*fp*tciHL-caw-**So c^r% v c comEE 

Vdd fi, 5V0)J:5/j;ttEr'fe5i:t5 o 
[ 0 0 7 5] (11 Hi, ±IGtt5^;IScoy — *7*a 7@ 
5S^id^^^H-c^>>5o ww-C, M2 3H1 HI 

1 0 tC^i-ttS^^iEKl h7>-^^ 2 2 3 cottJ^^;/E(c 
*hT5 KM >MMM£*r*-#\ ft^2 3 4 a 4 

2 3 4 bti, ^n-cftia 1 o tc^-rtb^^ftw h y > ^ 
^^224 cotti^mjEtc^-r^ k m >-m^ti#t4^^ 

to ft»2 3 4 atth7y^^ 2 2 40y-h«S2 
2 6lc^a-r5M»«#Vconc com/E^^< (#J;Ltf, 

5-6 V) Lfc»g\ E&gg 2 3 4 b t±ftj»fi -^Vconc CO 
m/±^ri£< (Mittf, 2-3V) Lfc^C^f/,, 
@^e>I«$ix5 J: 9 tc, *Hlj£^]{cJ:nii, h7^ 
2 2 4COy— M1112 2 6lCf&V^JE£r-^;iT, y 
— ^y ^ q !7[sI8SSrfft^, (Vi , n ) 2 3 2 a fi 
f^^-fr, *>6^li, h7>^^ 2 2 4Wy-h^S2 

2 6 (^^^m/i^r^-^r, y— ^y^-ny[Hiss$ri!i^ 

(Vz , [2 ) 2 3 2 b-CKfPSit-Swt^pjJiBi/j: 
o^«9, ftSfh7^^ 2 2 4(D7'-htS22 

6 (c^D^amJ^Vcont ^Jit6:i:i;J:ot, y — x 
y ^ o vm&<n'<>4 T ^mSKSrMSP-C* 5 J: 9 (c*s 0 
[0 0 7 6] ^co<t#, y— ^y^nyssg<oA^ff-^ 

• t/C) ] • Vm (1) 

[0 0 7 7 ] t LT, Gmti, 

- (2) 

7>y^^wy-hfli2 2 6WlEVccnc cofeff^, ttj 
7}lEV ollt co^^^r^i" 0 
[0 0 8 0] Z X\ Tl Ki'Jiry hy-N^t>t 

'>LSft*T*wj«rinS:, T 1 3(iftW h y y-y^y- h^l 

ffi2 2 6cOGm^J < T^ZItomir X V mz 
6 ft ^-u-c/u l 2 (Cf^^-oT^fL^r^^^^ LhuCOB£,£ 

^ £±s 7i v out + 7^ ft ^- u -i/Kc m m^- Z B#,^. ^ X 

(r>W%&* £tz y T 1 4!iT 1 3^^J F Dm 2 \ 
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LXl*Z<DX\ FDA75Mf^<7)^ffc(C*fLTiwii£lC 

cont ^rfg:<-r5-li:lcj: Vy^i/TsZf— MS 

2 2 6(7)Gm£vh£ < LTl^5<7>-C\ SMI^i^'h £ < 

[0 0 8 1] ***«JcJ:*Lii, ^KftBS 

iSiSB«tt«:!»ft ? ^ 4 * < m?ff*5i£gSfi<7> F DACfcit 

s^wyjft&t^ffiSt^k^tt^sct^-e^So c^f 
[0082] t i 3^o«RB(c*5^rtt, f 

Q = (4k • T/Gm • a ) 1/2 • Ct/ 
t'^tl^ift^o Gh k , T x a % Ct, f , Cgs 

7V^^ 2 2 1 (n?— v t y—xm<DmR&nt>'to 

(0 0 8 5] §13(1 ±<0^frb1&bhZ>ztmX?)2 
A= 4 a • k • T • Ct 2 /Gm 1 
^2 4 0 bCQDC<7)0#<7)$|f Bft 

B = 4 a • k • T * Ct 2 /Gm2 
X$bZ> 0 f att»<D*WltftS5«*i«T' 

A t = (A * fa) 1/2 
T'fc 9 , 2 4 0 b <M&Vt& B t li % 

B t = (B • fa) 1/2 

[0 0 8 7] 'dot, At>Btt45A»?>, mW^tii 
h7>v^* 2 2 t (7)Gm«#lMJ^^J^ < * 
5o h7^^^ 2 2 2wy-hSi2 2 5 

< LT*Wttttl h7>y^^22 1 cJOGm^^t < "T5 

[0 0 8 8] \M\ 0®i7rkn)&mXl*F DA0>ffif& 

&2&y — *7*n y\B\t&X'$hZ>f)K F 

[0 0 8 9] Hi 1 7liH 1 T^MIE 1 3(C#fto 



«l*«r*»j>#l»-e*5<7>-C, FDACOS/Nttfif&l± 
[0 0 8 3] Hot, FDA^AiSf h7 
«tt/«t*«rlW»-C#, FDA<Offl^«SS(6iJ:^tt**5r. 

[0 0 8 4] ^*5±idi<oiftWT-fi. yi&y-x?**? 

laiaSOftW h7^^ 2 2 2(7)^— 2 5 

* 2 2 1 0«i$i«d^^-r5*flfiA^$fl*«Wfi, 
[l + ( 2 • f - Cgs/Cm) 2 ] 1/2 - (3) 

20 ***«W#««ftSr«*W«c*ufcia-c*>s. 

tt, Gm2>Gmli:L, If 2 4 0 aliGm = Gml 
C09#CO$f^ H 1 2 4 0 bllGm = Gm2(7)^(7)^t^ 
^-To »f 2 4 0 a WDCWB*<Z)«* Alt 

... ( 4) 

- (5) 

[0086] -cnm^, tu**nstt«i#tt«f*rtw« 

- (6) 

- (7) 

fi/XfA12^tt5M^>7l0^f o @ftr 
i»^7Ai 2tt*«^Bi35t*-r-5S*«l 4£W 

i"5o R^f*5?5>p>coA#+5tJi, t^yxi 6^lLtI 

^7A1 2(7)^tc^1 4(C^7fe^tl6 0 WtmisXT 
40 m*«*tt, ft ^SIhISS 1 8^L«^^-2 2IC 

[0090] mi 7 f^ign^xttMicffi^ttweiStt 

R«r*&fcA,rtf 3 o(7)@($i^«>xfAt^'t6 3^77 
^ 73 0 Sr^i- 0 3 ocoHHcaKa^xr" Aii^n^'n* 
(R) , » (G) % W (B) Wfi:7-f /U*&g#«tCA 
II, £»W***3 2fr«J«-r6. »?*5^bOA 
6 $riiLT&^¥7t^^3 2 rtw4MB 

so 7^t^(c;£jfcr6, A/i*6cotb^»»{±. 
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^fellfflCOff ^&mm&3 8 a , 3 8 b, 3 8cS^ 

[0 0 9 1 ] 12) I 7Hl^CO||JS£0ij(CiD^T(i, ® 

S^ft^t (B) &lcov^r**W«c«5iK«aH#!i 
«'>*T-i»&ffiJflU &»9<02fe (R, G) ICOl^Ttt 

l:t?»:i:«^5, Ifi0i:^:3fe (R, G, B) £ 

ffl»*cfi?t-C**WSri«a:fiJffii-5wt^^rtg 10 

[0 0 9 2 ] **W(C«5Hff»«^^^Af±S5lB*-C 

[0 0 9 3] 

/uJi<b y ir y h^- hH^i(Df B ^ ^r!) >i/Sfi:*:/J> 

[0 0 9 4] »**2E«o«ffiMEaill6«(-J:ixtf, * 
a— 7^>^y- hSrSST^-ir^/Hli^KJtS^aSds 30 
[0 0 9 5] »*J!3E*w«Wf«EiSiSR(cj:ixfi, A 

«*ft t « rN ft £ H 5 d dr as T- * 5 o 
[dffico^m^f^P^] 

[mi] (a) (!^)Sn<o||ttM(c«e^«nf|giSKB«: 

(b) (c) (i^n^'iX (a) (7MB 

- r B*fc&i>* i c - i c*fci#r®H Q 

[H2] (a) (id l (b) Sl^coiafgftettlfflJcote^ISr 
mil, (b) - (d) (i (a) H^co|#r®Hc/:>&Sfi^(c 

til 3 ] ( a ) »*Bfii(ca5«i5ireiSis 50 



&(nmffimitiu&&±Lx^-rm&m. (b) - (d) 

[H4] (a) fi*3g^oHic:gij^)j|jft«(c«s»«fte 

asssBSr^-r^ffiia, (b) (c) ii-tn-en 

( a ) <D I X B - I X B^&tf [ X C - I X C^l^® 

Ho 

[{15] (a) tt*3BWwJElc»J<o3ll6«Jc«*«iSr«E 

5S»fio«w«a«fPS:a:*ur^-rwrffiia, (b) — 

(d) fi (a) (l^^^r®(lco#^^(c^i-5mfe^ 
[i6] (a) tt#«W03EfcgiJ^*Jfi«jc:«5«We 

i56iSR^>***ffl»S:tt*Lr^'r«Eia, (b) - 

(d) f* (a) ll^^^ra(l^#^5>(c^-r>5mfi^ 

[El 7] (a) tt*«W^KJC»Joll3B£«(c«5*are 
*36Ro«W*ffl»Srtt*L-C^i-»fBia. (b) - 
(d) 12 (a) 0^w^ffiiaw#aj5>jciticSi-5«fi:» 

[118] ^«^C03E(C8iJ^||ttM{c{R5«ffif<Ei||ttR^ 

[19] *«WwH«c3SUo**Sefdlcff5«?lffteiSJ6Bo 

[hi 0] *«woH(cgij(75jija6««c«6mweassfifi 

[Hi 1 ] Hi om^y-^7tD J7[iis&a> Ku--f > 

[Hi 2] Hi 0H^<O||JS^J(75FDA(75tti^^^^^ 

(Hi 3] Hi OH^coHS0i|<7>FD A£rJE(-&&L-C 

[Hi 4] fie*«>««r(EiSSi6Bw F D AM^m^&ttSfl 

[Hi 5] Hi 4i/T^IOF D AODf±S;ftj£ff^£r^ 

[Hi 6] *l8W<oj|lfiW«c«5«W(E5S3SR*«fflU 
fztr ^ = 7<r>ffi$L%^1r-7u -y7i 0 

[hi 7] *&*n<nnmm\z.%&nffi&mmm.*mmL 

tz%m$* 7<nmf3L&m-r7* y7i e 

1 0 1 -nffl (Ml *W*S«, . • 

(^2^m^) 
1 0 3 a -«ffirteajna!^V*^Ji, 

10 3b, 1 0 3 x -IfSfllnllff^l, 

1 0 4 -m 1 «*ffififE»*B, 

I 0 5-l2W^(gf^Si, 

I 0 6 ...ffl^y- hia®, 

1 0 7 ■■• y ir y f>^'~ HttfsB, 

I 0 8-»«*#ffl Kl/Oi, 

1 0 9 ■■•«W#fcMEi*, 
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til, 


i3i, i4i, 151 ps*-+* 


2 1 


1 


-FD1 "(SUglfclftJ!) 




/Hi, 




2 1 


2- 






l 1 2- 




2 1 


3 • 






1 1 3 •• 




2 1 


4 • 






1 1 4- 




2 1 


5 • 


- y -tr y hy- has. 




1 1 5- 




2 2 


1 ■ 


•••WJ&tbMO S h7> 




M 7, 
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